###### Key messages

Part of the prediabetes population reverted to normal after 10 years.Physical activity is important in the outcome of prediabetes in males.Waist circumference is important in the outcome of prediabetes in females.

Introduction {#s1}
============

Prediabetes, which presents before diabetes, has been increasing globally, and the number of people with prediabetes worldwide is estimated to reach 472 million by the year 2025.[@R1] In 2010, the prevalence of prediabetes was estimated to reach 36.2% in the USA[@R2] and 50.1% in China.[@R3]

A number of clinical studies have focused on diabetes prevention in people with prediabetes.[@R4] These studies have showed 25--67% reductions in the incidence of diabetes over 2.5--6 years of intervention, with most participants remaining in a prediabetic state. However, while many trials[@R4] have demonstrated the effectiveness of lifestyle and/or drug therapy in preventing diabetes in people with prediabetes, only a few have examined the effect of an intervention on returning the prediabetes state to normal glucose regulation.[@R4] [@R7] [@R8] Moreover, it was reported that risk factors for diabetes differed by gender, therefore gender-specific care was recommended for patients with diabetes.[@R9] [@R10] However, no previous study was found about gender-related risk factors and treatment for reverting prediabetes to normal glucose regulation. In fact, even if diabetes could be delayed or prevented, both microvascular and macrovascular disease appear more prevalent in those with prediabetes compared with their normoglycemic peers.[@R11] Hence, there is growing consensus that normoglycemia should be the treatment goal for people with prediabetes.

Although risk factors of developing diabetes are well established,[@R12] far less is known about factors affecting the transformation from prediabetes to normal glucose regulation.[@R13] There is a variety of possible contributors, including genetic factors, environmental exposures, physical activity, and metabolic disorders. A long-time study may provide a chance to explore some of these possible mediators; we performed a 10-year follow-up study to investigate the gender-related outcome of prediabetes and basal biological factors on the incidence of progression to diabetes, and regression to normal glucose regulation.

Research design and methods {#s2}
===========================

Study population {#s2a}
----------------

This study was from a population-based prospective cohort study of 2132 men and women aged 18--76 years, from November 2002 to January 2003, among whom 778 participants were prediabetic at baseline. The study design has been described previously.[@R14] [@R15] Briefly, a sample of 2200 people were randomly selected from 18 000 eligible residents and valid information was obtained from 2132 people in the sample. This follow-up visit was conducted from July 2013 to October 2014; 526 (67.7%) participants who were prediabetic at baseline were followed, among whom 153 answered questionnaires only and had no available glycemic data, and 39 participants died. The remaining 334 individuals were included in our final analysis ([figure 1](#BMJDRC2015000169F1){ref-type="fig"}).

![Details on the studied population.](bmjdrc2015000169f01){#BMJDRC2015000169F1}

The study protocol was approved by the institutional review board of our hospital. Written informed consent was obtained from all participants before data collection.

Data collection {#s2b}
---------------

A standard questionnaire was administered by trained staff to acquire information on demographic characteristics, personal and family medical history, lifestyle including dietary habits, physical activity, smoking and drinking habits, etc. Physical activity level at leisure time was calculated as the product of the duration and frequency of each activity (in hours per day) weighted by an estimate of the metabolic equivalent (MET) of that activity.[@R16] We defined the lowest tertile of METs as inactive and the upper two tertiles as active. Waist circumference was measured at the narrowest point below the ribs or halfway between the lowest ribs and the iliac crest in centimeters. Assessment methods of other variables have been specifically described elsewhere.[@R14] [@R15]

Measurement of blood glucose {#s2c}
----------------------------

Venous blood samples were drawn at baseline and follow-up. The blood specimen analysis in the follow-up visit was performed in the same laboratory, using the same method as in the initial visit.[@R14] Blood for fasting blood glucose was drawn between 06:30 and 09:30 after an overnight fast. We used a 75 g liquid glucose load to assess 2 h glucose for those without previously known diabetes, and 100 g steamed bread that contained approximately similar carbohydrates for those with self-reported diabetes at baseline. Owing to the steamed bread test showing extra benefits in keeping sensitive individuals from adverse effects such as nausea, vomiting, and wild fluctuations of glucose, 100 g steamed bread was used for all participants at follow-up. These two modes of assessment of glucose tolerance proved to be of equal clinical significance for diabetes diagnosis and of equal effectiveness in evaluating residual β cell function in normal glucose regulated as well as in diabetic participants.[@R17] Blood samples were centrifuged to separate plasma and analyzed immediately after collection. Glucose levels were assessed using glucose oxidase methods, glycated hemoglobin (HbA1c) was tested using high performance liquid chromatography (HPLC) methods, and triglyceride and cholesterol levels were measured using enzymatic methods.

Outcome definitions {#s2d}
-------------------

Prediabetes was defined as fasting glucose between 5.6 and 6.9 mmol/L and/or 2 h glucose between 7.8 and 11.0 mmol/L at baseline, while HbA1c between 5.7% and 6.4% was added to the diagnostic standard at follow-up according to the American Diabetes Association (ADA) suggestion from 2010. Diabetes was decided either by 2 h glucose ≥11.1 mmol/L and/or fasting glucose ≥7.0 mmol/L, or self-reported diabetes at baseline. HbA1c≥6.5% was an additional standard as well at follow-up.[@R20]

Statistical analyses {#s2e}
--------------------

Baseline demographic and metabolic characteristics were described in means (±SD) for continuous variables and n (%) for categorical variables. We analyzed the significance of differences between groups by gender difference using Student\'s t test for continuous variables and the χ^2^ test for categorical variables. Student\'s t test was applied to analyses for comparisons of basic characteristics of the follow-up population with those who were lost to follow-up. Binary logistic regression models were used to examine the association of metabolic factors with the odds of the main outcomes (progressed to overt diabetes or regressed to normal glucose regulation). The analyses were performed separately in males and females, adjusting for age, family history of diabetes, hypertension status, waist circumference, physical activity, glycemic and lipid levels, and smoking and drinking status at baseline. An OR\>1 indicates greater risk for regression (ie, favors regression), whereas the opposite is true for OR\<1 (ie, impedes regression). All statistical tests were two-sided, and a p value of \<0.05 was considered statistically significant.

All statistical analyses were conducted with SPSS for Windows, V.18.0 (SPSS, Chicago, Illinois, USA).

Results {#s3}
=======

The follow-up duration was 10.5--12.0 years (mean 10.8 years). The first examination was conducted from November 2002 to January 2003. The follow-up visit lasted from July to December 2013, but an additional follow-up was carried out from September to October 2014, for those unavailable at the earlier visit. General characteristics of the study population are presented in [table 1](#BMJDRC2015000169TB1){ref-type="table"} according to gender difference. In general, males tended to have a higher consumption level of cigarettes and alcohol, and higher tertiary education level, while females were more likely to have adverse lipid profiles. There was no significant difference in age, blood glucose level, body mass index (BMI), hypertension rate, family history of diabetes, and physical activity, between males and females. Meanwhile, we compared the prediabetic participants who attended the follow-up with those who were lost to follow-up, and found no significant difference in any baseline characteristics (data not shown).

###### 

General characteristics in males and females at baseline

  Value                              Overall (n=334)     Male (n=125)        Female (n=209)      p For difference
  ---------------------------------- ------------------- ------------------- ------------------- ------------------
  Age (year)                         57.2±10.0           57.2±11.0           57.2±9.4            0.96
  Fasting glucose (mmol/L)           6.0±0.4             6.0±0.4             6.0±0.4             0.95
  2 h glucose (mmol/L)               5.9±1.6             6.0±1.8             5.9±1.4             0.70
  LDL-c (mmol/L)                     2.96±0.76           2.84±0.74           3.03±0.77           0.02
  HDL-c (mmol/l)                     1.40±0.34           1.27±0.31           1.48±0.34           \<0.001
  Total cholesterol (mmol/L)         5.09±0.94           4.89±0.94           5.21±0.92           0.002
  Triglycerides (mmol/L)\*           1.42 (0.99--1.93)   1.56 (1.15--2.19)   1.33 (0.93--1.84)   0.005
  Waist circumference (cm)           82.2±9.1            85.9±8.9            80.1±8.5            \<0.001
  Systolic blood pressure (mm Hg)    134.4±19.6          136.0±19.8          133.4±19.4          0.25
  Diastolic blood pressure (mm Hg)   84.6±11.5           86.4±12.1           83.6±11.0           0.03
  Physical activity (%)                                                                          0.41
   Inactive                          36.8                40.0                34.9                
   Active                            63.2                60.0                65.1                
  Alcohol use (%)                                                                                \<0.001
   Currently                         14.1                30.4                4.3                 
   Formerly                          2.7                 6.4                 0.5                 
   Never                             83.2                63.2                95.2                
  Smoking status (%)                                                                             \<0.001
   Current smoker                    18.9                46.4                2.4                 
   Former smoker                     4.5                 12.0                0                   
   Never smoked                      76.6                41.6                97.6                
  Educational background (%)                                                                     \<0.001
   Primary education                 59.3                45.6                67.5                
   Secondary education               27.2                24.8                28.7                
   Tertiary education                13.5                29.6                3.8                 

Results are given mean±SD or n (%).

\*Values of fasting triglycerides did not follow Gaussian distribution, thus medium and interquartile ranges were used instead of mean and SD to describe central and discrete tendency.

HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.

[Table 2](#BMJDRC2015000169TB2){ref-type="table"} demonstrates the 10-year outcome of prediabetes. During the visit, the overall incidences of diabetes were 98 (29.3%); 161 (48.2%) participants remained prediabetes after 10 years. Interestingly, 75 (22.5%) participants with prediabetes did not progress but returned to normal glucose regulation. No gender difference was observed in the change of glucose regulation, with incidences of restoration of 22.4% in males and 22.5% in females, and incidences of progression being 29.6% in males and 29.2% in females.

###### 

Gender-related 10-year outcome of prediabetes

  Gender    Case (n)   Outcome of 10-year follow-up n (%)                
  --------- ---------- ------------------------------------ ------------ -----------
  Male      125        28 (22.4)                            60 (48.0)    37 (29.6)
  Female    209        47 (22.5)                            101 (48.3)   61 (29.2)
  Overall   334        75 (22.5)                            161 (48.2)   98 (29.3)

p for difference between male and female was 0.99.

[Table 3](#BMJDRC2015000169TB3){ref-type="table"} shows the ORs for reverting to normal glucose regulation by gender-related risk factors. Generally speaking, after adjusting for age, family history of diabetes, waist circumference, blood glucose and lipid levels, smoking and drinking status, physical activity, and hypertension status at baseline, there were age and physical activity in males and blood glucose level and waist circumference in females, which were significantly associated with the odds of reverting to normal glucose regulation, respectively. Active physical activity in males had an OR of 3.00 and a 95% CI (1.09 to 8.30) for regression compared with inactive participants. Every unit elevation of waist circumference in females was associated with an OR and a 95% CI of 0.94, 95% CI (0.89 to 0.98) for reverting back to normal glucose regulation.

###### 

Gender-related risk factors associated with regression to normal glucose regulation and the corresponding adjusted ORs

  Variables              Group                 Adjusted OR (95% CI)   p Value
  ---------------------- --------------------- ---------------------- ---------
  Male                                                                
   Age                                         0.95 (0.91 to 0.99)    0.01
   Physical activity     Inactive              1                      0.03
  Active                 3.00 (1.09 to 8.30)                          
  Female                                                              
   Fasting glucose                             0.24 (0.08 to 0.70)    0.009
   2 h Glucose                                 0.63 (0.46 to 0.86)    0.003
   Waist circumference                         0.94 (0.89 to 0.98)    0.005

[Table 4](#BMJDRC2015000169TB4){ref-type="table"} shows the ORs for developing diabetes by gender-related risk factors (adjusted for the same covariates as in [table 3](#BMJDRC2015000169TB3){ref-type="table"}). The odds of progressing into diabetes increased remarkably in male participants with older age (OR 1.09, 95% CI 1.03 to 1.16), higher triglyceride (OR 1.75, 95% CI 1.24 to 2.49), and higher 2 h glucose (OR 1.64, 95% CI 1.25 to 2.16). Furthermore, current smokers carried a significantly higher risk, 3.29 times, compared with never smokers. Active physical activity showed protective effects on the outcome compared with inactive participants, with an OR of 0.34 (95% CI 0.13 to 0.92). Results from an adjusted logistic regression analysis in females showed that the OR of baseline hypertensive individuals associated with developing diabetes was 2.38, (95% CI 1.13 to 5.03) compared with their normotensive counterparts. Those with family history of diabetes (OR 2.74, 95% CI 1.23 to 6.12) and higher baseline waist circumference (OR 1.05, 95% CI 1.01 to 1.10) were more likely to progress to diabetes in females as well.

###### 

Gender-related risk factors associated with development of diabetes and the corresponding adjusted ORs

  Variables                     Group                 Adjusted OR (95%CI)    p Value
  ----------------------------- --------------------- ---------------------- ---------
  Male                                                                       
   Age                                                1.09 (1.03 to 1.16)    0.003
   2 h Glucose                                        1.64 (1.25 to 2.16)    \<0.001
   Triglycerides                                      1.75 (1.24 to 2.49)    0.002
   Smoking status               Never                 1                      0.02
  Formerly                      0.24 (0.04 to 1.55)                          
  Currently                     3.29 (1.10 to 9.78)                          
   Physical activity            Inactive              1                      0.03
  Active                        0.34 (0.13 to 0.92)                          
  Female                                                                     
   Fasting glucose                                    6.09 (2.47 to 15.06)   \<0.001
   Waist circumference                                1.05 (1.01 to 1.10)    0.02
   Baseline hypertension        No                    1                      0.02
  Yes                           2.38 (1.13 to 5.03)                          
   Family history of diabetes   No                    1                      0.01
  Yes                           2.74 (1.23 to 6.12)                          

Discussion {#s4}
==========

Diabetes has been a huge burden in China, where the incidence of diabetes has reached 11.6% and prediabetes 50.1% among adults.[@R3] What is worse, there has been a long-running controversy about the management and treatment of prediabetes. There is evidence indicating that both, lifestyle interventions and drug treatments can substantially reduce the risk of progression to diabetes in high-risk individuals.[@R4] [@R13] [@R21] However, lifestyle change is difficult to implement and maintain, while for drug treatment, the benefits of prevention need to be weighed against the risk of adverse effects.[@R22] Research is urgently needed to strengthen the evidence-based treatment guidelines for Chinese patients with prediabetes or diabetes. Our study, lasting for a decade, provides a chance to observe the 10-year outcomes of prediabetes and to explore its gender-related risk factors, thus being beneficial to the understanding of prediabetes in the general population. The major findings of our study were: (1) 22.5% participants with prediabetes had restored normal glucose regulation, 48.2% remained in a prediabetic state, and 29.3% progressed to diabetes. No gender difference was observed in the change of glucose regulation. (2) Age, 2 h glucose, triglycerides, smoking status, and physical activity in males, and fasting glucose, waist circumference, baseline hypertension, and family history of diabetes in females, are significantly associated with development of diabetes. (3) Physical activity in males and waist circumference in females are important factors in the restoration to normal glucose regulation in participants with prediabetes.

Our study supports the notion that, while a certain proportion of prediabetic population progresses to diabetes, the majority will stay the same or even convert back to normal glucose regulation. Previous studies showed about 5--10% of people with prediabetes progressed to diabetes every year,[@R23] [@R24] and 20--50% of participants returned to normal glucose regulation,[@R4] [@R7] [@R8] although the conversion rate differs with characteristics of participants and prediabetes definitions. In an observational study investigating the natural history of diabetes in England, the proportion of participants with impaired fasting glucose at baseline who returned to normal fasting blood glucose at 10-year follow-up, was up to 55--80%.[@R23] Other studies have reported lower conversion rates, for example, the Diabetes Prevention Program (DPP) outcome study reported a conversion rate of 10% in participants without any intervention.[@R25] Our conversion rate to normal glucose regulation was in accordance with previous studies, while the progression rate to diabetes was relatively low. One of the possible reasons is the prevailing proportion of participants with isolated impaired fasting glucose in our study.

Risk factors that increase the risk of progressing to diabetes have been identified.[@R12] However, factors delaying or reversing the pathological process remain elusive.[@R13] The current analysis showed that while age, increased 2 h glucose level, triglyceride level, and current smoking, were risk factors for developing diabetes, physical activity showed its predictive value for progressing to diabetes (active vs inactive, OR 0.34, 95% CI 0.13 to 0.92), as well as regressing to normal glucose regulation (active vs inactive, OR 3.00, 95% CI 1.09 to 8.30) in males. There was evidence proving that diabetes can be prevented by changes of lifestyles in participants with prediabetes, especially physical activity.[@R23] [@R24] Risk of diabetes was significantly reduced by achieving a target of \>4 h of exercise per week in participants who did not lose weight. What is more, the beneficial effect in preventing diabetes was similar in any type of physical activity, whether it was sports, household work or work-related physical activity.[@R5] The China Da Qing Diabetes Prevention Outcome Study (CDQDPOS) on Chinese people with impaired glucose tolerance, provided further support to such result. It has shown that interventions targeting lifestyle changes, such as exercise and diet, produced a durable and long-lasting reduction in incidence of diabetes. Participants adopting lifestyle intervention had a 43% lower diabetes incidence for up to 14 years after the active intervention ceased, and diabetes onset was delayed on average of 3.6 years.[@R26]

Some predictors of progression to diabetes in females are modifiable, such as hypertension, fasting glucose and waist circumference. Waist circumference, a representative index of abdominal obesity, appears to be a very important factor, predicting both progression to diabetes and regression to normal glucose regulation, in our study, with every 1 cm increase associated with a 5% increase in risk for progression and a 6% reduction in the chance of remission. There is now a growing recognition that central rather than general obesity is more contributory to and therefore better correlates with the risk of diabetes.[@R27] [@R28] Waist circumference was reported to be specifically associated with future risk of insulin resistance (IR), since it was closely associated with visceral obesity, which is a critical determinant of IR. A previous study involving 721 Mexican-Americans showed that waist circumference was a better risk predictor for diabetes than BMI was, independently of age and sex. It demonstrated a cut-off point for waist circumference ≥94 cm detected with excellent precision in those at increased risk of developing diabetes.[@R29]

Studies on restoration of prediabetes were very few to our knowledge.[@R13] [@R30] The DPP examined preventive strategies---intensive lifestyle modifications or metformin on the incidence of regression from prediabetes to normal glucose regulation---and found that only lifestyle modification, not metformin, is useful in achieving normoglycemia in people with prediabetes.[@R13] However, their population was aimed at those with BMI≥24 kg/m^2^ and followed only 3 years. What is more, participants with isolated impaired fasting glucose were not included in the analysis. We included a prediabetic population with any BMI and followed a much longer period, 10 years, to examine the long-term outcome in our study. Most importantly, we have explored gender-related risk factors for the regression process, which has seldom been discussed before. It will show an extensive applicability to the general population, which will further enhance the significance of our work.

Several limitations in the current study are worth noting. First, our sample size was relatively small and our response rate was relatively low. We made comparisons between the visited and unvisited participants, and found no significant difference between the two groups. However, prospective studies are still needed to confirm the current findings. Second, populations in this study were mainly participants with isolated impaired fasting glucose, and the case may have been different had analysis been aimed at individuals with impaired glucose tolerance. Finally, we did not perform a baseline HbA1c test in all participants. However, the use of HbA1c as a diagnostic test for diabetes or prediabetes was not recommended in 2003.[@R31] It was not until 2010 that HbA1c was recognized as a diagnostic criteria of diabetes and prediabetes,[@R20] based on which we tested HbA1c for all participants during follow-up.

In summary, active physical activity in males and lower waist circumference in females favor reversion from prediabetes to normal. In contrast, inactivity, current smoking, high 2 h glucose and triglyceride level in males, and high fasting glucose level, high waist circumference, and family history of diabetes and hypertension in females, significantly promote progression from prediabetes to diabetes. Intervention towards prediabetes should therefore depend on different individuals with different risk factors.
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